We recently reported neuronal firing in the medial entorhinal cortex and adjacent parasubiculum of freely moving rats whose spatial distribution across the environment was periodic and could be modelled as a superposition of periodic bands(1). We termed these "spatially periodic cells" (SPCs), of which about 37% were grid cells, having regular triangular grid-like firing patterns(3). We suggested that grid cells present the most stable subclass of spatially periodic cells which generally can deviate from the hexagonal symmetry (e.g. by becoming less regular,
more elliptical, or more band-like). As noted by Navratilova et al (2) the presence of SPCs whose firing patterns are not perfectly translation invariant is theoretically important because they are incompatible with the current continuous attractor model of grid cell firing(4-7). Navratilova et al (2) propose that all spatially periodic cells are actually grid cells, and that the appearance of non-grid SPCs reflects poor isolation of action potentials ("spikes") from multiple grid cells in our extracellular recordings. Our recordings were made using tetrodes (8) (9) (10) (11) . This is now a standard method used in hundreds of studies, including almost all of those reporting grid cells. The standard criteria used to measure isolation quality of the tetrode-recorded waveform clusters associated with each single unit are the L ratio and isolation distance (12) , as well as the refractory period which indicates that no single unit should show spikes occurring (Fig. S3(13) ). The overlap in cluster space of spikes from different 'fields' suggests that they belong to the same cell.
Navratilova et al.'s(2) hypothesis further predicts that, because non-grid SPCs must be a summation of several grid cells, whereas grid cells could be single or multiple units, the mean firing rate of non-grid SPCs should be higher than those of grid cells, and the cluster isolation should be lower. As we had clearly shown ( Fig.   S8B (1)), the mean firing rate for non-grid SPCs was lower than that for grid cells (1.04±0.08 Hz versus 1.21 ± 0.11 Hz), but not significantly so (P=0.18, t242=1.33).
Furthermore, it was comparable to the mean firing rates previously reported for grid cells (14) (15) (16) . We also note that there were no significant differences between peak firing rates or spike widths between grid cells and non-grid SPCs (original paper Fig.   S8(1) ). Equally, as we had clearly shown in our original paper (Fig. S8C-D(1) Although many types of divergence from hexagonal regularity were reported in our paper, Navratilova et al (2) concentrate on examining the validity of band-like SPCs in particular, as these firing patterns could potentially result from a superposition of grids. Like all SPCs, the firing of these cells show multiple sub-peaks consistent with a superposition of periodic bands, we did not report finding the constituent perfectly uniform bands themselves. In order to ensure that the band-like firing pattern did not result from combining several offset grids we compared the similarity of waveforms corresponding to each 'field' within a band ( figures 3-4) .
Again, the overlap in cluster space of spikes from different 'fields' suggests that they belong to the same cell. In addition we re-analysed the assignment of spikes to single units using an automated cluster-kwik procedure(17) ( figure 5 ; the raw data from these cells can be freely downloaded from 'space-memory-navigation.org'), an automated cutting technique routinely used by other laboratories (18) (19) (20) . Our manually cut units coincided with the automatically separated units (mean+s.d. 44+22% larger than the number of spikes in manually cut clusters possibly due to an extra effort by us to make sure that no false positive spikes were included in the analysis. It also can be clearly seen from the clusters that the recorded triggering spike amplitudes are considerably larger than a detection threshold. Hence it is unlikely that spikes would be missed out due to a high detection threshold, thus the 'missing fields'
in Figure 1 could not be statistical 'false negatives'.
Thus we welcome Navratilova et al's(2) request for more detail to reinforce our observation that non-grid SPCs exist, and are unlikely to be due to problems of isolating responses from an underlying population of perfect grid cells. The irregularity of the firing patterns of SPCs were sometimes related to geometrical layout of the environment, and spontaneous deviations from hexagonality were also observed, as with elliptical grid cells, observations that have been replicated by our and other laboratories (21) (22) (23) (24) (25) (26) . In conclusion, future work might usefully consider the theoretical implications of the presence of cells with spatially period firing patterns that diverge from perfect hexagonality, rather than attempting to explain them away on the basis of speculations and simulations.
